Denaturant dependence of equilibrium unfolding intermediates and denatured state structure of horse ferricytochrome c.
Nuclear magnetic resonance spectroscopy is employed to characterize unfolding intermediates and the denatured state of horse ferricytochrome c in guanidine hydrochloride. Unfolded and partially unfolded species with non-native heme ligation are detected by analysis of hyperfine-shifted (1)H resonances. Two equilibrium unfolding intermediates with His-Lys heme axial ligation are detected, as are two unfolded species with bis-His heme ligation. These results are contrasted with previous results on horse ferricytochrome c denaturation by urea, for which only one unfolding intermediate and one unfolded species were detected by NMR spectroscopy. Urea and guanidine hydrochloride are often used interchangeably in protein denaturation studies, but these results and those of others indicate that unfolded and intermediate states in these two denaturants may have substantially different properties. Implications of these results for folding studies and the biological function of mitochondrial cytochromes c are discussed.